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PM83TION A0A4XW MZJZTIc
[Vollowinj Is a t3ranslation of an atie by
YoRomtiee in the _&i- h A -±AU.-A - ya6

Vo * o ac TVoleXXV~p Moows 19%62, pases 10- s6e.l

Phyaloca protection against radiation consistes ot a se

of msoou~re and facilities designed to protect the orpniam

, Iagainst raFdiationl regulation of radiation levle., use of

guards# remotely and automatically oontuolled methods of

work# And the appropriate technoloa-. In setting up a system

of proteotion against radiation it it important to determine

th,., limits of dander, I.eo, to aseess .orrectly the radition

levels that will be safe for men.

Afttr extensive animal experimentation and analysis of

the experieno of perp.om workina with X-rays and gamma raySD

scientists decided that penotraiing radiation in oer4iMn dosem

does tot nauso irreversible changes in the body. The largost

dose thast in the light of modern'knowledge, doem not cause

Irromvrsible ohanies io called the m.xinum permissible does

The biological action, of radiation depends not only on

the mime of the doge absorbed and relative biological of.

fectiveness of different kinds of radiuationg bu't also on the

Lwaysit acts on _j hu- a -organism. aximuum permissible doses __I
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ar•e eoblihed SOCOoMA•81Y for both external and internal radia.

t•ion. ,xpoead to alpha or beta particles# gami= pays# or

neutonos, man receives injury only as long•a•m he is near the

mou•oes of radiation,

Workling with r'adioactive substanoes of the open kind

(pack~ing, solubionp preproation of tagged oompounda, Itc6)

may disperse them with reuu2tknt 'contamination of the room,

air, euiupmentp olothi~ng, and hando,. They •an naturally

penetrate Oto organiam under these oircumstanoee. The radia.

tion emitted, un•,ik isternal radeition, irradiates the

area for a long time until the radioactive subotanoes are

sliminiLvted from tho body either through deoay or physiolog~oalg

I ot only thooo actually workuina~ with mouawoe. of toislng

radiation but personnel in adjaoent room@ (olerioal and .ad.

mietaz'ot±ve) may roeeve radiation, Aaoordingtly, the

~ 5. ubsued by the V U it~

1.3nisryof 1Ioalth and State COoMMitte of the 0011noi2 of

l4inist•rm on tho •se of stomio enorgy utab2.ished the fol.
(1)

lowing• three oategoroes qf oirrudi•,•i categeorv A - aeoupa.

tior&l 1r2'ad~ion of ysrmona in direct contact with sources of

ionim5.nt, radiation; (2) 6atogory H - Irradiation of persons

tW A4kang t o j in "Sal :mj&ýh *i*
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attaneon and 60uraoes of ionizin, radiation are handled but who

do not themmelves touch the matermile (includes thoee In ad-

ninisetrativ~e orviae, Ano pupply GroaNO in all bulldihgn and

o(utdoors within a sanitary proteotivo sonoe) (3) category 0 -

'iradiation of all age zroups of the population (inoludina

thous living in areae bordering on a sanitary, protective zone,

#yern it the adult element blong.to either oatedory A or 3I).

The muxirmum pormie.iblo dosmes for extrnal •rradiation

are pree&nted in T•ble 1.

Maximum Permissible Domes of Nxternal Zrradiatioi

(in biological equivalanto of rad - ber)

Category of Ibucimum pesmissible dose
baor/week i •e/year

Ab 0.1 5
B 0.01 0.5
0 0.001 0.00

The INPD for the population as a whole in less than twice

tiho minimuw vwlue or the n'tural baokground regardod ao equal

to 0O,Oe rad/yeaz, end 100 tmoes leso than the MID" for ocoupa-
irafaton



Depending on wor'Iking conditions, Irradiation with a dose

in excess of the H4PD is permitted in oths day or week of works

According to the MAnita&ALrI, It itealatio. iis permissbioe to

reoive a dome not 1in excess of 3 ber per quarter (.5 ooeeoneutive

weeks), regardless of time of irradiation (even a single ox-

posue)l •,but ,the working oonditions during the tollowina weeks

must be such that the total dose not exceed .3 bore

The total dose D for ocupatiosli Irradliation must not

exooed Dig 5 (N-18) bert where R• It the person's age (18 Is

the minimum aiel younger persons are not permitted by Soviet law

to work with radioactive *ubmutsose)o

Table 2 gives the values of MPV ot •different kinds of

radiation in relation to their relative biologioal effeotive-

Was, (RU).

mi~xm leaeiniuelle 3ea Rates fIo elffereant lime oa
,ad it.ea (&a rad/week)

Kimd o efr~itsIOR Fn A 3S.s** t Nlo i n.l -'

X.nye aum g.J ras 0I.2 O.OM. 0.003.
Zeta Ml1424le8 am oleeat I OI 0.2. 0.00..
lrotm am Ahlpa parbleles 10 0.02. OO.2. .000K
Nultioba0 ed, ALMa And

release a atm 10 0.005 0.005 0.0000
, Won m tn" 3 ,.033 0.0033 _00033

Rai nr"10 M.a0 0.060. 0.W01 I

4.
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F zI dioterwinial the maximua peraiesible levelu ot Lntot&a"

I aLiationit aoOuant tI taken both ot the tlat& absorbed dose

omitted by a given radioacotie Isotope tbroughouat the time It

eoumanse within the bod•a and at the oraan whtioh ts o tioal tar

that Ieiatops because the dtftoeent radioactive substanois @on.

q411trate P2oferten+fll&l7 in oertain opno (ato firtiole on

" l•,1Wt ion Toxiooaloy"). A oritoal organ Is on# In whioh

itu0rage of a tadloa•tovo , -otops resu•tst in the Maximum Injury

Iso the organism as a vhole;

Thi following three groupe s otogans are oon0681eed

aritioal In oaloulating the maximum permissible concentrationi

o:(LPQ) of . idioaof've eubstanoess g•oup I - enti•e body, gonasdi

ozwba4lle lonse and hematopoottie ow narp group 2 - mus-lse,

ab'ty U8:L810e0 liyver kidneyt, adronal and proatatio glands,

Itaau'tolnteutlnal trat, and lungml group 3 - skin, thyeoid,

Aindi bones. Table 3 pa'esnts the aooe•ptd 01au•s,(', y,2 of in.

ý10:vn+l L,,adiattle, for diftfeent gpoups of Ocrtical orgtns and

:Irradi.ati o cn otegottes.

Table 3

Maxium Permistsble Dos*• oft t•otpal Za'zadiaton

7 4dAlatim, Ooup I Oup 2 Oroup

bet/week ber/yea, bw/w, bet/yft bw/w•eek Iber/rea

040{ 1 0. 19 0.6
S00002 005 060 0.06
0.0llnOUO j Iiii..I..



PoV prVotOtiOS1 ;rpoMN it if ImPortant, to know the MI .in

air and watmr of the radioactlve i•dtope whoe$ entranoe into

the body with the daily Intake of wnter or air doee not oresAt

do$@a In *x@esON of the t. 171 oInriloial ori$ans or in the body al

a wholeo T'he nintoll data for this caloulation ome forom

a kniowlede of' the oritioal organ for a given isotope (deo

terminiod experiJmentally to animals) and the amount (acotivity)

of the itotope that oreate@ the 10'-) In a oritiosi organ.

'Alt dAily intake of tho isotope with *&ter or air must be suoh

that after 30 years of work thd isotope activity in the body

will be no higher than the vnlue at which s oreated the NI.

established for the partiLoular group of Isotopes and category

of ir.'-diAton (Table 3•) TJhe •u'nitary•NMealionm oontain

-tables ehowin,4 the NPO in water and air for most of the pro-

sently known radioactive icotopos,

The maximum permissible levolo, of contamination of work

surfacea, hands, and alothind are determined in similar fashion,

In doing uo account is talten of the yortion o0 the active sub.

titsinoe that might entor the body from oontoiminated hands or

work sur'faces,

Aith simultaneouo action of syeeyral radiption factors,

the total dose from R11 of them must not exoced a oin4,le ý'?D.

The, sitablished 1,17D) for both external and Internal ir•

L..raIastio~n do not in(!UQe %1Ai nturral baickgrouiu or the

6



7radiation reoeiveo in the Miule of certi•n mediol proed•&res

(ofo the article "Does$ of zoniviris Radiation"),

OwnerAl&.naL•Jes of IeSatol &a&Bnut Pi' &Saine, The

main purpose of preotecive measures in working with radioactive

aubastnoem or souroes of psen•tatntq tafiabion to to preveAt

the substanoes ftrom #ntring the body and keeping the does of

eftem'ad izwntatte to tu e V -m P'eftesib~e 3&"38, Pr.oeetiua

t,, eno"me Uwak i• •lus " or rvfabu

$Wewe$eue hieb 0Me. eSoety at workwa e"1Mdil .

3ino, the ronge of 'apha particles (of. ',Alpha says")

emitted by presently known radioaotive isotopes is very short,

no move than 9 em inair or 0.01 oa In tissnus olothing and

rubber gloves proevie gull proteoti6n against iheoepartiolee,

Xf one stands beyon the range of alpha particlee sin air, no

harm will r•em"It even it the body' ts unprotseoted.

To proteot the body from eo2eenal Irrdiation with bets

partial$@ (of. "Bets Rlays's" raiioaotive substanoes must be
handled behindc special shield. (lar.,ens) or In special

oabinets, The thickneec of tho proteoative eommomm not be

greater than the maximum range of the beta partioles, The

Sanimum rang•es of bets particles with energi•es of O.5 1.0, and

2,0 nov are 119p 306# and 710 am# respeotively$ In the air,

and 1.87, 4969 and 11.ol amIn soft tiss~ae. Plexielas, aluminuam#

La..nd #Ides are the nsut4 puauvi m T th!ofeau

7,
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r'pzmeteoalon d in C/omvý may bs determined fr'om the following

whore Smax to the maximum snezjW of the beta qpeotvum of the

givenr iadioactivo iootope In YNVs

Tho foolowind, or•ul& to used to ocoaulate the 4egroe of

''Pzoteotion •gainst X0 or gamma ra'datt.ont
D 0 DOB (hv# od, 2•) o'•4 ,

where D 0 to e t oe* at a gIven point in the abmenoc of pro.

teotionl D to the done of radlation at the mime point oreated

After pene atr+in througch potootion d om thLOki /Ate the

lnsar etenuLan of' narrow-baem r'adiaton taotorl 3 (hv, •t, Z)

,#a the povith afoto• Whiskh beke Into aeoowt the role Ot $0aetete4

re.4latito produed4 I& the shleloA by Vab S'eva~on ti Us 'be aditibon

W the subst•'le (Mf, "ZOmISIaI 114tAtlcS').

To facilitate tho cacu+la', ons, some handbooks provide

vurious nomooram, andt t4.ble for direct determlintion of the

thioknesm of proteotoin d gsainst radiation of different spet..

v.2. oompoultioal undmr dLftzoent vork.ag oonditLpns,

The'oretioclly, any material can be used for proteocton

aea.nst X- or gamma rays@. lowever, in ohoosing material

one must be guided by oonmsderations of dosign, eoonomyp

and req•i•ements for bulk and weight.



it-U Suwbtotts in Wofihiw with $Vae$wu at £MM w.41atita (Aes±i1ty

10 to 30 Ia*q of radium) thej roondi4tles are such that it to

imposrible to #et up A statLonary 0h1old (s.crmo in recharging

tMho iurit withdwawin•i itradiamat±ioe preparation from a ontaineze_

oel o'ting an instrulO, nto deteatind flaws with an open DoW.ac

*pres-ind applilosato and inoulags,81 eto.)& 11% Ouch castes cne

can ose movable shtelds (Pa 1) Ox,'A as hey say, "protoobioi

by distance" or "protection by time",s me~nvIn,,. Wint all open

iII

,ouroem of gomm3 radiation should be handled with long to' I

or holdoar b~oause the wadiAti~on doot deareasoe ir Inverme

proportion to the square of th' diatance. P~urthermoro,

a j;Iver operation shoculd bea performe~d only InA tnat Interval

ot time during which the wor'ker Goes not ropceivo @6 dose in

excess of the nrioms established by the

ouch work muot be mucnitorod by ah healih physicists

VilS, 1. Table shield with
on 9,1t0.typs holder,



1. ta"W, no una-horls persons are aIlaUd to remain

$hoefe a the areo V~ere the dome e8e2696 the Ko Must be

olose0 Off When the activity of the saw** is X 0% otf tadium,

iho destanoo at vhioh an PD Is, os"e 44 is

WVoro D is the KID per vouhar AiM, a ., the time In hours

dring vhioh as open soure$' to handled*

The -time d4hng which a vorker m' be esr an open &our**

to peufoim an ope6VAUon If

wbfpw. a am VU (14 0m) troa the woinker ANA D to the KID
per :orkdayo'

Proteotion aainst nettr'on is caloulated from the ape

propriao fooulmm of nomo'v ass Substanoes Vfth low Sstoat

numboro aro used-so p6 ,otu ateriale because at each *oo21im

ton vith s nuolous the Seotron lose@ part of its eneoaq the

mote so the oloser the nuolear mass to to the neutron mass.

Water or Ponrsote il normal'y U6d foar proteotion against

neuatrons. Hawing bait 1to enoea 14.4bi *,pv Uesby

moutanoe as It In$orgoUs with tho nandleiof the atOUm4 the

taut neutron is trsnsforie4 into & thermi neutron vhioh Is

cpturd by the nool of the &tons while emitti.' gamms quantsa

10
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It will be noted that there.t vir tually no pu" neutron

flux It is generall~y kcnown thAt nucl~ear iesaobetm accelerators,

and radiuam.beryl liim 3~preartions are n&eutron souroes. Booides

ne•trons$ all these souroes hve powerful gamma-ray tfuxes

that aro pwOuoe4 durial th fi•m•ion prooessee or from the do-

O&Y of ftision produots$ Pam sAys are produoed In aooelaatorb

and ra3ium-te'yllium preparations by nuclear reactions which

* yield neutr~nal they 4re also emitted by the products of wi~4Iium

decays Thus, in desidning provetion eganst neutrons one must

at tho same, time provide protection haljalnt gamma radiation

(at@ "Neutron Radiation")#

Potection against estownal rafiation fromn open souross

aloo entails proper plei4U anid equippirg of work areas,

Inlx3udlini ventilation# so as to prevent radioactive suboitances

fromn pen. eaing the body. Jibe requirements vary with the

ratur' of the operations to be perforzed with the partioutlar

isotoype its aotivity and toxicitys All work with radioacotive

isotopes are divided into three oaeess aooordind to the

toxioity and motivity of tho alubtanoes at the work place

(Table 4.)o

I.I
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1'"" ?'ab.o 4I

Activity at IaOr Plato@ for' Different Miasses of .4ork

Toxici" Aotivity at work plAepp o

0clus I Class 2 CAOS 3
____'0*inm0 i

> 10 0.01 - 10 0.0001 - 0

0 >1000 I - 1000 0.01 1
_______ a 10M0 0000 0,1 0 lO

O1ass • work om, be. done In odinar'y ohemIst'ry 1,'orato,'±o.i

Opntlas Ps1OmI S=0 yWe it $,•o, •b14SAWA Moleskin cap, am

Mn2 work muiit be (dofo Inl popiially Cluipped larot%#

isolated fr~om' tho oither tarem, The P'1eoz is cavored with

muotiontei rubbor while the walls gri paiinted ifronm tat~ to

bottom with %n oil ptrin•t, Haionotive *ibPtanoos are hmnled

in opeoiMr boxec O',,s, 2 lnd j or under exhNust hood1s, "he

boxes and hoods aro *quiei.)p with oxhnunt CNno Ani filters to

lirap tho radioikativfe moorotiols

12



fill

Iptuf. 2. BiOX for handling
r idiou•tivo oubtance&,o.

• •untod in the front, ofthe box,

Pig, Mechanic, manr.tpu6.or for handlingl ver,active iotopesb

-ig. •. !e.ha .a. mi1i



F )tu41wio~tt~ero ubasUAoe* .A'o hen4dloe vwith tons an4 pinoer-

.. 4~ 9Tongs -for handling
iadl.oaoaliv suabstanoe#

Operating poeeonaOeI weaw a gown, blewode4 moleskin o*p,

rutbeorslogd shoose, and Obber or viny.l ohalovde gloves.

A plastio myonpo, vtees a, at timeu', a "Lepostok"

respirator (to protect tih. respiratory organs) are also

used (Fit,. )

P4
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In lo01s8 2 laboratories It Is desirable to provido taoli-..

tie for taking a chower when the work Is finishod.

Olaso 1 work Is one in arosea divided into three parts in

such a way that the sources of radiation are Isolated from the

yliatta where the peoplo work regularly., Thse areas are In &

speoWl building or isolated wind of a building with & separate

entrance. One part of the area (son@ 1) includes the space

for the equipment, boxes, oonmunicationg, sto., whioh are the

sources of radiootive ocontamination. Zone 2 Is used for

repair work, loading and unloading, of active materials, or

auxiliary operations Involved In opening equipment and do.

oantamination. Son* 3 contains shielded areas where most of

the people stay. 4onoo 2 and 3 ara connected by a sanitary

enclosure in which additional means of Individual proteotion

are kept and, when necessar, personnoe loavine tons 2 can

be given san,,Ltary processing,

In the &reohs whore oloss I work to done the floors are

aavaord W.4th masticated rubber or tile while the walle are

faced with glaýsed tilea or mactioAted rubber. The oogiling

aro pointed with an oil paint.

A olssu I labo:4tory must have a sanitary passageway.

Operatinc personnel wear speoial underwearo moleskin over-

all#, plautio apron, And overele•veo, All work is done In

L.epeolal boxes. There are exhAuit fans with filters all over

,, t n n t n , ... • "•" 'i• 'i 1 • ' • I I I • , n •! !• ! ' ' • !1!



" urify the air, All ropair 4nd deoontamiztion work is

oazt~ie4 out an the son# 2 sides S3pocial air suits ares worn

to provo1t z'adioaotlve s608tchass from Penetrating the body.,

Class 1 and 2 laboratorios must systemaitoally monitor

tbs e""Val mm.v ba smmema ad e U mSmNU ZAIm We e 4f

work murfaoes, atmospheric air, oLothinr, handi, and body

of the workers,
1,•o~ aa•nain5t~ 'travi and closed acurpep of •a~am

Wiiaons. The various devioes are either stattonayy or

movable. ThO former inoluded Protective walls9 floor and

oant lig,overings, doors and doorways, viewing vindows,

state ept"Ms s for e I e ith OMS 4 •80•, s ome ete.

MOeO Wles~e LOOA smeell + f iu 8 t x-row Imos

tutisilev &Ad diaphragms-that limit the rays, portable machines

for work with amma-ray mources, oontainers for shipping and

storing radioactive preparations, e#t. The devioes are se.

looted in acoordance with the purpose for whioh the radiation

touz'so are to be used#

A distinction must be made between the protective

syeitemgused in (a) XWay diagnostic roomel (b) X-ray

treatment roomsl (a) gamma therapyl (d) therapy with high-

energy partile* aeoelersators (e) detection of flaws

In manufactured goods with e-rys &nM games rays.

16
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Iro11131AM AD~ X-Mvs AL AmsStA LXW Appar'atus prd aSn,,

X-radiation with onetv up to 110 kov are 1uoet oonmonly used

for diagnostic purposoo. atAt nawy proteotion of wells and

Cgiling a Uwell as o0l guards are employed to chield

thia ptiontg, toohntuio•s, and personnel working in &4daoent

4reom from Unused waftatione

Proitective devices of the goneral (stationary) type m&7

not be veouirad in buildings with thick brick wells it they

are designed properly. Otherwise stationary protection is

onaiulated from apso~.iastione for the maidimam ominal voltage

with due regard for the distanoe from the X-ray tube.

LoOal proteotion in roenttenorgrphy includes the pro-

tective casing of tho X-ray tube, with a window for oofauing

the buam only In the desired direoaton! diaphrag limiting

and forming the Irradiation fieldl tubule jearding ageinat

oattered rndtition arisen,, in d4iforient parts of the X-ray

tubs, at the edges of the viewing window and In the diaphraegw

screen neoA the control panel to protect the taohnoian,

Other 4ovinvo uuod in roontgenoscopy include lead glass

A,•plied to the luminous screen on the side of the obeervina

phytid±Ans shealde oa leoa-lined rubber around the frAme with a

uormon to proteot the phyuiatanix body from scattered radiationg

)iolodi protectiAg the physician's leoe from seattered radia.

.L.£Onj protective load-lined rubber olothing, gloves, aprons# ..

17
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r.--he rdiation does lo reduaed during fluorosoopy by Increasling

the rightbness of the Wooton, tnroalin filtration.e ray$

(to m3 MM Of), e roducing curent through the tube, employing

Image 0on-eVrtor tubes"

Tho prinoipal proteaoti• materials umed in #ncldsumes are

lolad Plate (oauIng, ubuýIom, diApraMpu), lead glum, lead-

lined zibber,

The lead equivalent of the walls of protective onoalesure

must ensure a dome rate below the XYD. The doee rate tor an onob.,o

Iowe varies both with the mime ot the ;ead'equivalent of

the wall and with the Aditanoe from the source. Zn addition,

there to a difforent ~hID far the different omtsgorico (of.

above). Therefore, the load equivalent of general stationary enolo-

purse to generally oalculated for eaoh Case Individually.

For proteotion against direot radiation from a 110 kv XZray

maohine in relation to the above.mentioned factors, the lead

equivalent of the walls, o iling, and floor may rang., from

about I to A mm oa Pbo Who lead aquaivlent of the devicoe for

locai protection (lead clam ;or soreena, hood, shield, apron,

eto.) varies within approximately the same limit. S*ine the

protection standards are reviewed from time to time, the

load equivalents oa the various looal shielding devioes should

aluuo be reviewed for each Item mepar4tely (Of."X-mry Room").

• . . . . • ++'' ++ + +• ' ....i. . ... " ' +++ .. *. r ' U' I ++ T "
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pzeoept±n In~ eame ~Apparatus producing

X-ro~idatioii WIth *fl9trJ up tm 200 kov are 9geneall u5@tt fow

aooeenthe.apy, 'oroe powerful mao'hinem yielding radiant ner

of several m.illion eleatronvolts Are now beooomng Wreasibely'

S ietiOon proteOtion In ectmnt roo i tos the m•moe rw.odd.

less of tho enoeorg used exoept for th', lead equivMlent of the

protective devtoee, It im ohaw4oaoterxioiao of an X.rAy te•ktmont1

room, unlike a digloostio xroomp that medIola peroonnel nAr not

allowed to remain durinIS A sesuioni while the CWay tube ti

functionrinil The patient Is generally irradiated In a booth

as the teohnioiam and inppewat-v, oontrol itay behind a protootove

a1tationawy protective enclosure$ consist or protective

wall#, oeilinil, Moo.', doors to the booth, land viowlin windows

Tho protection to bnood on thei miaximum possiblo voltage in

the X-ray tube a nd the dietano fwrom It to the plaoe where

tbo madioefi Peroonnal st~y. These encosures 8awe haslined to

protact both peroorinal and adjacent rooms,

The land equivalents of, estationaryi snolomuree vary with

the factorm mentioned above, For example, theymay ranjo

from About 4 to 6 mm of ?b for radiation from a 200 k',, moohine.

F'" !' 1 ' I'" + iLl. I I i, m ' 11 •~~ ++.'++. "q,,j 1 ,, 1" '



Au in the case of 4tlouthe ratient ise proteoatd

ag~ainst exoese radisti~oi by the caoing of the X-ray tabsp dais,

phr apand tubule,

1o g ionin aEuhj~&.~ Tha usual gamms-ray

1401ou4 aem 0, 60 (pepg.'j 1,33 %Ad 1.17 !4eY) and083

(eneargy . 0.663 mevi). The protective oaeAISg of the maohine

in nonapesti~nd position lowere the rdistion dose rate in~ 0~1

dirootone 'to 2 mr/hour or loeat a diotanoo of 1 w from t4e

wouro.. The maohina must be umed irk a gp~ocialy aconstruo-tod

room with proteotive walla and OOilltro because when in oper-

ating~ position (while the patient ts beingy Irraftated) Uhe

eom my be direo•ted to the floor, c1.ll4 oa, towar4 the

adjaoent rooms, The lead equivalent of the Nthtionary on-

olaouures of proteativo booth*e for gamma therapy dependa on

the amount of aotivity of the radiatioin souroea, dietano

from source to pervonnel otation, avid etae of psa'misoiblih

doaa rate bohind the onolosure, Paor xamploe If there tA

a soc0nd floor above the room where a gammA apparatus

with cobalt souroo possessit(I the &.ettvity of 400 I-eq of

rdium Is loomteed, the fl1*r And oeillnk between the two

stories must have protection eouivlont to 24 am of lob.

A floor &nM oeiling of cement with a 4•enbiy of 2,• /om•

should be about 1200 mm thiok,

L
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Th. wrt11 and atilingr need not be so thiat In aroom with

a rotary maohine if a proteotive blook oounerpoeise is placed

behilnfd theo patient in th, ppth of the beoms , i' the counterpoise

att•nuate. the beam, nzy, 5O0O times (steel layer 20 am t•aok),

,o thhiknees of the ement ceiling and Ifloor In the *xaml4

c ited above can be decrea•ed to 600 mm. 'his thioknewm is ra-

'quirod niot only to mOonuatv tho direct beam yvansinrl t~irouli1h

the counterpoiso, but Unao to ,proteot personnel on the floor

above from soattered radisitios,

The entrance to the trioistnt room to usually protectod

by at\ rve arrangement because ot the great quantity of radia.

tion em•itted by O 60 and us 13' souroes. 'this oneideraybl

M.4yoos the oonsumption of le•ad for the door and mskes it

lihtor In weight. The mase entrance to genr-ally interlooked

with tho maohine in such manner thot when the soureo ln

op+en tho booth oannot be entered# At the same time itun•se

Indicate, tho ponition of the uou~eoo

The patiqnt cn be Wipl2y observed through a viowing

window (in the protective wall) mhielded by lead glass panem

with a transparent, ver~y dance fluid sometimes plya9d between

theo. Television reoeivers, periscopon, e*to. are used to

obeerve pationue as they arti irradiated.

L, I
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t Ooanoz'ete barite eoOcratso Wn bz't~k awe used t~ow the

tationary proteotiv eaolou~tee old tor the protective easing

of the X-ray maohine and blooak olalnerpoiou.ls Voltfan and

ua'bli,, oi, whicfl have B•traG thAWOUIS ppezvidep as a4s u"W4,

t/bi~*rnion of these materials Posetly reduaeeu the bualk and

vowight of the protootive deioe, Tho the ll OVing tattoo Opply

to •amoa rediati'on of Oo6os ••,uialoea thioknsee of lead and

wolfram A1 an i aml equivalent thioneea o , leoad aad

4x~ranemoint of the Pratentiv'o d"i~yoe'n for vWtc Withi 40.

041*Xhato2ro (of, "Oh)atfood Part$.ole Aooo~le3'atowa") is simailar'

to that employeitl In roontsolithw . the aooelewatoz'e Am* our-

TOw~do8 by protootive valli. andi 04WSIe ANA tIooa1rn.

The acooelowtor' in PIPvllsd with lical proteotton 4e-

Y01din~g on its 4esi~t. Thin protection either encircles it

or only gooe ar~und the vWiudov, blockingaW ozaci and. @uoattewod

raditatone The direct bora behind th# patioat to blockedl V,

theo proteotive eionurso, The row nee4s overall ohbie•ag

to remove the Soattored radiatio~n 6664111-ne from the edges of

the diaphwagms, patient's body, and partit of' the enoloosuwe

an vhioh the dir'ect beam falls behivid the patient,

,L. I
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S�'Tho thiokneee of the proteotive eheets of the oLoeunel--

iL oaloulated from tho quantity¥ o brezeutrahlung emitted by

the aooeoreatowo

Protection against radiation from accelerzators of dtfferent

design munt be Individually doteninedo baking Into aooaoht the

natureo eoz'g, end Intensity of the radiation emitted,

1= 1 j2,1 on ai fat X~a iu m .n .uu .' i . a~ .o ....
nd researoh •Uiuomepi X.ray diffoation and spectral *6flyusi

As performed with apparatus producing ttnoadireote4 beama

of X-radiation with onerw no hiheor than 80-400 key, aomettimm

of 'Very postb IM"Ity. Iferefores. esarefileattentieo mot

be paid to local protection and the aetual operating teohnique

and handlina of the apparatus. The greatest danger is &call-

entally plaoing the hands or part of the body In a direot

beam, which WNY cause severe ieeal radiation leseins (aot

"'Radiation Burns"),

Xeray flaw detection is based on the photogephio method

involving a fluorescent aooeen and lonlmation Indicators.

Under Itationary cenditions it to ordinarily used In epecial

booths similar to those employed in roentgoatherapy and pro.

viding protection againt both direct and bcattered ray.

In industry use Is made of a mobile unit, portable soreens,

and other temporary means of enalosing the work area, The

L.X.r&ay tube to placed In a proteotive easaing. Proteotive on. --J
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F -loouurseo fluoreso•nt sorsens, and oal•utaon Indicatoros are

prt of the standard equipments The pu'pose of the *noloeu e'

is ohiefly to proteot the teohnioians from the soattered radia.

tioY prooooding from the objeo and edge of the diaphrzags and

tubuleso,

X-irradiatiotn of biological objects for research purposes

Is generally oarried out In v6ons similar to those used in
woentonthewapy.

Indust•ial and researoh puma **radiation units are oom-

pArhble to thorns used for gamma therapy exoept that the pro-

teotive esnolosoureaue gonew•aly Inoluded In the design at

the umohino,

Gamas units for flaw doteotio~i emit a direoted, limited

beam or they allow tho radiatiao souroo to be pushed forward

to produoe oioular tra•witlumizntion. That it why (lemma

deteotoscopy under stationo~ry oan4d.tions is oarrited out in

spootal proteotive booths. When a gamma unit io used

dieoctly in a shop$ It In difficult to install a proteotive

enolocure becauuse of its ifreat weights All exoept the

teahnicians, who use rem•te-oontrol devicas, must leave the

area.

The SammA appAVAtUs used tor adiooogiCal eXperimeMnt,

cold lteriliuation,• adloohemioal investigations, etcO differ

Lk., I



K0rxom the other' typea lIn that volume irradiators are Used ifastlad

oi' the point soeuro emplo~ys In OammN maohine$ for therapy

AIM flaw detection, In plannind protection against radiation

frot such maohirleo one munt take Into Itoount both the radiation

rate and the opeeAtien, conditions (Oa., need to ohange the

abdjelts fxre9M7ll etse oa the i•rasobw vhyseh Is susm'baMO

Blocking devices and sipAl system. are highly important,

WharecA leAd, les* ocommnoly wolfrem inA uranium, owe used

as ahelidnig materials in the oonstruotion of' amma sicohines

for flav detection and therapy# briok, oonorete, and other,

buil1divlomatorIPAs art umod in gamas machines of the stationarzy

type, d, woaplfram, and uranium are only used In the cOn.

tuotplator of mobile unint#,

nOO oV asin2 so&A Uxgcm., These subtanoees Awe

sb.hped, as A rula, only lit special container$ oofornmi•s to

thi standards set by the state Committee of the Counoil of

,Ministers an the use of Atomic enera and the Ves Mi2win

.talle ,janitary Inspeotao• Osseous and liquid radioactive sub.

stanoe must first be ýaeked In hermetically sealed boxes

Sand then$ depending on speolal req•um•eentl, placed Inside

auu&tainers with shielding material determined by the amount

of the substance and radiant energy. 'olid radioactive

Lpources in ampule can be shipped In protective ocntainers swt
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Iwith no other packing,.

Of. the art•aoles on "RA4ticn 7yslene" and "1tadiobaolo4gy".

Ohemiael radiation p eoteation invilvee the Introduotion of

oe.&tan substAnoes into thA bcdy before radiation In ordeo

to wea4ken ito biological offset# Theme "proteatoz's" are

used In reoentpnt heop avd eurLethrzapy, In repar work

In laoratories and industri'al plants utillmi~ng Lonlisnis

wadiie,tion and r'adioactive isotopes# Their meahantsm of

"otion is very closely related to the pr'imary phvuolocohomnoal

and bioohemloal reactions that follow the irradiation of

tisoue (of, "Radobiolool"), Som# ampeots of the meohanism

of aotion may be understood by *oenozdering a very simple

model o roentgen (gamma) irradiation of substance A dissolved

In water, The followinS reIotiona will ocours

(I 00^4 -#A *A
iard (.ton- (excited molecule)

lation) ised
molecule)

(2) A+ -- 0A*

(rooombzimation of $Oon and formation ot ionived mole-
cules in different states of electron exactation)

(3) A* t AI
(ohemioal tranofovmation of molecules)

,L ..t.o Me rle.s)J
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r (3) A5 --4A-t~i~al•

(oonvr.ouon into thezmAl enfqw)

() A* + A .O+A,+ A + hAt
(conoentrated e69anguishing)

dimilar proasoeen will take place when the vater it•se•

, i •|rrdiated. Zt Is noeessry to bear In mian thati(s) all

evwrg absorbed by tissue ts distwibted proportionately to

a ,the mass of the aubstanooe oamposing the tiseuel(b) most

t4AMUeS 4anitaivi larg~o amonowts of vat.:; (a) aqUeouv Phases

an. 4Weooly oontinguous, o the surtaoes of the moit vaxWi

moleoule$ In the livins o4l11 (4) •a•icals form4 In the 4queous

phase may reaoct dreotly ith biologically signifltant mole.

Ou•Lool (e) free radiOal$ ae oomplexes with anamaloug valenue

whioh %cases: & a.maked affinity tow oambinastoA, buý 4o not

oerr an eecrio•o charge and are not free tonal (t) vith the

Irradiation doses that are nonally used in biologAioal ex

pe-Aments, the number of fre radials tonmed paovs linearly

,ith Inoeas.e In dosel (g) moleoular oxosn plays an exoeption.'

ally' impowtamt wale in the-formation of troeeuadioal states.

The tflloweingappooheo to the problem of devaIing

ohemical radiation protoction apo suggested by the toregoing

oonsidoratioiua (a) reduce the yield of radioalso pewoXldoOo

&. tree-radioal states resulting from iwradiation by tempow.

jarily decreasing the 03WenNaGo o ore owvaterwivth

__ __ __2'



7-ohenicai oompoundal (b) deoegase the raz'obeoloatcalA ffect by

introduoing into the oreCu±sm oampoundp oapable of eoactng

with the radiodAl fowmedl (o) Intoducoe into the orianjam oom-

poundo cap&~blo of reactind tempo~eraril with active groups of

molecules in the oell ("preotoetion" of the most vulnerable

Unwin the biochemical prooeu~mes for' the period of Iir'adiation)l

(4) ute compounds onpablo of rapidld absorbing radimbion of

,WoVe3 or prevontin. the Migration of exoitation eOne+y tram

the molecules of water' to thoe molecules of th* diusolved sub.

Rtnaioe (e) s;nwoh for vubatancee allextinsuiseherae" . which

,d the conversion of Ionteation, and eo4%itaton enoer into

thermal ener's.

Methods ot ohemics2 protecti.on I~nclude the adminletva-

tion of vitamran, hormoneo, ocsonsymci, R.vnd certain biological

stimulantm ("biologic-ll', proteotion). 'Pehe #substances are

admini•tered several U,0e6 A few day's before irraiation.

All protective substa~ncea at* classified with various

chemincal compoundso P'ow examPle, Inveatljjatorm have identified

such groups An the aminothilol, aminos not containing the SH

aroup (bloeenio aminom), sulfur-containina amino solds, ofano-

voetie oompon•ad, esto. ihese ubst•v•ies are further divided

Into two group@ on the buals of the time factors (1) chemical

Pubistaoe•s introduood a short time before Irradiation; (2) pro-

L-.teatoo with protraote4d soacon, which Are itroduoed Into the

2a



TDhere Rrs dooirna of nio ohoi omouAndo known t~o provide

mMIU WniuwLth molno doro of 1roteation kasjivist 1EotkAl dooos of

('I' nmere-1 With a~ mora:.illy %'At@ faor the convtrols,

1m ~ iy o o bv tlio oomirntte mSV p~~h'i~mo oauticia~la

ThO '£OIIOAA(n 1,~t10010A Q011*i t'~iem ajil~ toi bho tIokhimle

of no :tion c ~itho pr ctov (k) almoo i~l e aff atv*onl

it' irmWtý%*r~ immatAl~y aftZAwurfl (b) All.3 th. j', prtifitrim

oisx-:Loc1 out in m atrnoegphere with high oxydem oontent; (a) m0oot

e~ir t~jo ;'3loteoativp aompmaflA ),z',toat the orklmnism fr~om OxydayA

pcimoig yeit 1,V~ r toa, fo ixomplo aro uinjotedl with themo

oa util 01.1%ati b,,,, thv whol.a oranism 4**r*Amsvju (d) almost

't±on of' proxcid..1,iA aoml.ionds dimininshem if~ter they are



An interesting feAtur* of mAny of those, chemical oompoundý-'*
s o that the maxius ofthoIV spootra of Phoophoeoeoonoo are very

alone to the speotr& of deooosyrbonvoloto &aid (q.v,), This

ougifento that Irradiation may stimulate the migration of onergy

frou) the metastableo state of DI to the proteootre.

the following is an example of the action ot protectors

with properties oharaoterlitic otly Of certain oA)..O. of Con-

poundso It has been found that in the aminothiol *erise

(AMsAnAion eto.) oompoundo with the enenral formula

whesre x to no higher than 3, pousess protective properties.

The mechanism of proteotive nation of the viUmins And

hoMones has not as yet boon thoroughly investigate4o Onoeral

radioresistanoe io apparently Increased ýft varioug ways. par

example, repeated Administration of vitamin P (citrin) together

with -esoorbio acid combatv permeability of capillary walls,

reduceo the number of homerrhagoa0 and Increase$oUs oe w•rivAl

reot ot animals exposed to X. or eamma Irra•&$••, ien oublOthal

eo con expect better reoulto by simultaneously using

sevior i proteotors aoting on 4ifferent lItks In the primary

phyinooohemicalo radloohomloal, and bioohemical reactions

devoloping after Irradiation. The results have been particular.

,, ,goAd when the protootorn were combined with therapeutio moas=o.
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